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(64) Emulsion explosive 

(57) An emulsion explosive composition comprising a discontinuous phase containing an oxygen- 
supplying component and an organic medium forming a continuous phase wherein the oxygen- 
supplying component and organic medium are capable of forming an emulsion which, in the absence 
of a supplementary adjuvant exhibits an electrical conductivity measured at 60 C, not exceeding 
60,000 picomhos/metre. Such conductivity may be achieved by inclusion of a modifier. The 
compositions exhibit improved storage characteristics. 
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SPECIFICATION 

Emulsion explosive composition 

5 This invention relates to an explosive composition and, in particular, to an emulsion explosive 5 
composition of the kind comprising a discontinuous oxidiser phase dispersed throughout a 
continuous fuel phase which is substantially immiscible with the discontinuous phase. 

Commercially available emulsion explosive compositions generally comprise an external or 
continuous organic fuel phase in which discrete droplets of an aqueous solution of an oxygen- 

10 supplying source are dispersed as an internal or discontinuous phase. Such compositions are lu 
conventionally described as water-in-oil emulsion explosive compositions, and fi^'^Pj^^^^^^?^^^ 
have been described, inter alia, in US patents 3 447 978, 3 674 578. 3 770 522, 4 104 092, 
4111 727, 4 149 916 and 4 149917. 
For certain applications the water content of the oxidiser phase of the emulsion explosive may 

1 5 be completely eliminated or at least reduced to a low level— for example, to less than 4% by i & 
weight of the total emulsion composition. Such compositions are conventionally referred to as 
melt-in-oil or melt-in-fuel emulsion explosives and have been described, inter alia, in US patent 
4 248 644. 

The term "emulsion explosive composition" is hereinafter employed to embrace compositions 
20 of both the water-in-oil (fuel) and melt-in-oil (fuel) types. 

Formation of an emulsion explosive composition is generally effected in the presence ot a 
surface tension-modifying emulsifier selerted to promote subdivision of the droplets of the 
oxidiser phase and dispersion thereof in the continuous phase. In addition, the emulsitier is 
believed to exist as a molecular coating layer on the surface of the droplets thereby to reduce 
25 incipient breakdown of the emulsion by inhibiting coalescence and agglomeration ot tne 

^™he droplets of the oxidiser phase are inherently metastable and exhibit a tendency to 
crystallise. Growth of the resultant crystals tends to impair the sensitivity to detonation of the 
emulsion explosive compositions, and attendant interlocking of the crystal matrices renders the 

30 compositions solid and, therefore, difficult to prime. Conventional emulsion explosive compo- 
sitions therefore generally exhibit a progressive deterioration of explosive performance resulting 
from the ageing process which occurs during the storage and or transporting penod elapsing 
between manufacture and eventual use of the explosive. ^„««ei«inn. 
Various attempts to improve the storage characteristics of emulsion explosive compositions 

35 have hitherto concentrated on the emulsHier component of the compositions and. in particular. jo 
on the selection of suitable emulsifiers, or blends thereof, which are designed to suppress 
coalescence of the supersaturated droplets of the oxidiser salt Pres«nt in the discontinuous 
phase Thus It has been proposed in British patent specification GB 2 042 495 to provide a 
water-ln-oil emulsion blasting composition having as the sole emulsifier an organic cationic 

40 emulsifier comprising a hydrophilic portion and a lipophilic portion, ^« "ftt^^^t^lSnl. or 
unsaturated hydrocarbon chain. The unsaturated emulsifier may be a fatty acid amine or 
ammonium sah having a chain length of from 14 to 22 cart>on atoms and is said to funrt on as 
a^^sSTabh modifier to control and limit the growth of crystals In the oxldtaer sa t "lu^^n. 
However, such emulsion explosive compositions are relatively insensitive to detonation (not cap 

45 sensitivel-i.e. incapable of detonation by a detonator of magnitude less than a ^" J'-d No- 8 45 
detonator) and, as prepared, have critical diameters (below which cartridges filled w th the 
imposition will not detonate) of the order of 1 9 mm. The composrtions '^^^^l'^;''^:^^^^^, 
effective and of commercial utility as blasting agents only in cartridges having a diameter of at 
least 25 mm Smaller critical diameter utility Is achieved only by the inclusion n the . . . 

50 XositS^i of a significant proportion of a eutectic-forming salt, such as calcium n'^'te' J^^ch 50 
3S the amount of gas generated on detonation and therefore adversely affects the exploswa 

'"^TTie'straight hydrocarbon chain component of emulsifiers previously employed in the 
production of emulsion explosive compositions was generally of « gc 
55 ?omposKions produced in accordance with GB 2 042 495 ere said ?„VSthe e^^^^ 

presence of an unsaturated straight hydrocarbon chain as the lipophilic portion 
to be more stable and to have a higher sensitivity than compositions ••"P'fy!"g •'P"^'"®",, 
Snteining a saturated hydrocarbon chain. Furthermore, the unsaturated straight dia.n emuls^fi- 
^ Sire foJnd to be far superior to their saturated equivalents in inhibiting crystal growth from 

wV?^e^^^w Sevised a cap sensitive emulsion explosive composition exhibiting a surprising, 

and significant Improvement in storage stability. ...i»t«„ «,mnrislna a 

Accordingly, the present invention provides an emulsion explosive composition comprising a 
discontinuous phase containing an oxygen-supplying component and an ojS""'® 65 
65 forming a continuous phase wherein the oxygen-supplying component and organic medium are 65 
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capable of forming an emulsion which, in the absence of a supplementary adjuvant, exhibits an 
electrical conductivity measured at a temperature of 60'C, not exceeding 60,000 picomhos/ 
metre. 

The invention further provides a process for producing an emulsion explosive composition 
5 comprising emulsifying an oxygen-supplying component and an organic medium to form an 5 
emulsion in which the oxygen-supplying component forms at least part of the discontinuous 
phase and the organic medium forrhs at least part of the continuous phase wherein the 
emulsification is effected in the presence of a modifier which is capable of reducing the electrical 
conductivity, measured at a temperature of 60'C, of an emulsion formed from the oxygen- 

10 supplying salt component and organic medium, in the absence of a supplementary adjuvant, to 10 
a value not exceeding 60,000 picomhos/metre. 

By selecting the emulsifiable oxygen-supplying component and organic medium such that an 
emulsion explosive composition having the specified low electrical conductivity can be formed 
therefrom we have observed that a surprising improvement In the storage stability of the 

15 explosive composition can be achieved. An adequate storage life is generally achieved when the 15 
electrical conductivity (60*C) of the emulsion does not exceed 60,000 pichmhos/metre, but 
preferred explosives exhibit a conductivity of less than 20,000 picomhos/metre. A particularly 
desirable emulsion explosive composition, exhibiting long storage stability, has an electrical 
conductivity (60'C) of less than 2,000 and preferably less than 200, picomhos/metre. 

20 Achievement of the specified electrical conductivity values may require the presence of a 20 
conductivity modifier, as hereinafter described. 

Emulsion explosive compositions conventionally contain at least one adjuvant to improve or 
modify explosive performance. Such adjuvants include waxes to modify rheology characteristics, 
voiding agents such as gas bubbles, porous particles or micro-balloons, to reduce density, and 

25 solid particulate materials such as carbon or aluminium, to act as supplementary fuel 25 
components. Such materials influence electrical conductivity measurements to varying degrees 
and are likely to mask any decrease in conductivity conferred by a modifier in accordance with 
the invention. Values of electrical conductivity herein employed, are therefore determined on 
emulsion compositions devoid of adjuvants of any kind which will influence the measurement of 

30 electrical conductivity. In practice, to ensure reproducibility of measurements, an emulsion 30 
composition is formed by vigorously stirring a solution or dispersion (usually aqueous) of the 
oxidiser component into the organic continuous phase medium in a planetary mixer at a 
temperature of at least 70*C for a period of five minutes. Emulsification may be effected in the 
presence of a suitable modifier, or the latter may be stirred in to an already formed emulsion. 

35 The electrical conductivity of the resultant emulsion is then measured in a conductivity cell. 35 
The cell comprises a pair of 304 stainless steel planar electrodes arranged in parallel and 
maintained at a separation of 3mm by peripheral spacers of polymethylmethacrylate (ICI's 
'Perspex' (Trade Mark) brand is suitable). Each electrode has an operative surface area of 
10cm^, and attached to the rear surface of each plate is a sinusoidal conduit through which a 

40 thermal medium (eg hot water) may be circulated to maintain the cell at a temperature of 40 
60'C — as indicated by a suitable thermocouple probe located in a port in one of the electrode 
plates. 

A sample of emulsion, at a temperature' above the crystallisation point thereof, is placed 
between the plates which are squeezed together to expel excess emulsion, the peripheral spacers 

45 ensuring that a constant volume is employed in successive evaluations. Thermal fluid is then 45 
circulated through the conduit until a steady temperature of 60*C is recorded by the 
thermocouple, and the electrical conductivity of the sample in the cell is measured using a Fluke 
conductivity meter, Type 80 50 A. 
In the case of an emulsion explosive composition containing an adjuvant, it is possible to 

50 extract the oxidiser component and organic medium by dissolution in appropriate solvent(s), to 50 
recover the extracted components, e.g. by distillation, and to reformulate an emulsion devoid of 
adjuvant, in accordance with the aforementioned technique, to enable an appropriate measure- 
ment of electrical conductivity to be effected. 
Although the invention is herein defined in terms of an electrical conductivity measured in the 

55 absence of an adjuvant, such as wax, metallic particles, microspheres, voids etc, it will be 55 
understood that any such adjuvant may be included in the compositions of the invention. 

Desirably a conductivity modifier, for use in accordance with the invention, should also 
function at least to a degree, as an emulsifier. It should, therefore, when employed in an 
effective amount, be capable of promoting a relatively permanent dispersion of the discontinu- 

60 ous phase component(s) in the continuous phase medium. Such a modifier will therefore bo an 60 
emulsifier of the water(or melt)-in-oil type which promotes or facilitates the formation of an 
emulsion in which the discontinuous phase comprises an aqueous (or melt( medium and the 
continuous phase comprises an oily or organic medium. Conveniently, therefore the modifier 
comprises a hydrophilic moiety and a lipophilic moiety and generally will be strongly lipophilic, 

65 i.e. exhibiting a high affinity for the oily or organic medium. 65 
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The lipophilic moiety of the modifier may be either monomeric or polymeric in nature, 
provided that it contains a chain structure of sufficient length to confer the necessary 
emulsification characteristics. The chain structure should incorporate a backbone sequence of at 
least 10 and preferably not more than 500, linked atoms; these may be entirely carbon atoms, 

5 or they may be predominantly carbon atoms interrupted by hetero atoms such as oxygen or 
nitrogen Desirably, the lipophilic moiety comprises a terminal reactive grouping, such as a 
hydroxyl, amino, carboJtyl or carboxylic acid anhydride group, to promote linkage of the 
liDODhilic to an appropriate hydrophllic moiety. u • j ■ j 

A preferred type of lipophilic moiety is a saturated or unsaturated hydrocarbon chain derived, 

10 for example, from a polymer of a mono-olefin, the polymer chain containing from 40 to 500 
carbon atoms. Suitable polyolefins include those derived from olefins containing from 2 to b 
carbon atoms, in particular ethylene propylene, butene-1 and isoprene, but especially isobutene 
Conveniently such a moiety may be provided by a poly[alk(en)yl]succinic anhydride. These are 
commercially available materials which are made by an addition reaction at an elevated 

15 temperature between a polyolefm containing a terminal unsaturated group and maleic anhy- 
dride, optionally in the presence of a halogen catalyst. Typical polyOsobutylene)succinic 
anhydrides have number average molecular weights in the range 400 to 5000. 

The succinic anhydride residue in the above mentioned compounds provides a convenient 
means of anaching'lhe lipophilic hydrocarbon chain to the hydrophilic moiety of the conductivrty 

20 modifier, as discussed below. . . , , , „k«oi„ow h« tho 

Another useful type of lipophilic moiety is that derived from a polymer obtained by the 
interesSation of one or more saturated or unsaturated long chain e^g. up to 25 carbon 
T^t'^o^!hydroKy monocarboxylic acids, optionally in admixture with a minor proportion of 
one 0 more non-hydroxylic monocarboxylic acids (the latter acting as chain termmator). 

25 Commercially available 1 2-hydroxystearic acid normally contains a minor amount of stearic acid 25 
a^d this substance, for example, may conveniently be used with or without admirture of further 
monofunctional material to yield by interesterification a suitable complex 7"7^^'«|YJ^ ^^.-^"^ 
Depending upon the proportion of non-hydroxylic material present, the molecular weight of the 
resulting complex acid may vary from 500 to 5000. _„ 

30 Interesterification of the monohydroxy and non-hydroxylic monocarboxylic acids may be JU 
effecteTfy known techniques, for'example by heating the reactants in a hydrocarbon solvent 
such as xylene, in the presence of a catalyst such as tetrabutyltitanate. 

The inS esterification products contain in the molecule a terminal carboxyl group which 
provide a S^rls of attaching the lipophilic polyester chain to a surtable hydrophilic grouping. 

35 The hydrophilic moiety of a modifier for use in accordance with the .nverit.on PO^J^'" ^5 
character and suitably comprises an organic residue having a '"^'f ^"'^JJ^'f ^ "^^ ,n7ete min- 
450 preferably not exceeding 300 and particularly preferably not exceeding 200^ln dete^^^ 
Tng the aforementioned molecular weights any contribution from ^'^ l'^'"'^ .'V^T^lSw ^ 
introduced as hereinafter described, is to be disregarded. The organic residue s Jes-raWy 

40 monomeric. although oligomerio groupings-containing, for example, not more than about 1 0 
reSSat uni wiay be employed, provided the molecular weight thereof is within the afo emen- 
tToned nm t^table monomeric groupings may be derived from Pc'/o » such as gjrcerol 
oentaervthritol and sorbitol or an internal anhydride thereof <e.g. sorbitan); frorn amines such as 
XlenTdiamine diethylene triamine and dimethylaminopropylamine; from amides such as 2- 

45 Kowpropanolamide; from alkanolamines such as ethanolamine or ^'e hanolamine, and from 45 
hSro^yc °cs such as oxazoline or imidazoline. Suitable oligomeric groupings mclude short-chain 
Dolv(oxyethylene) groups (i.e. those containing up to 1 0 ethylene oxide units). „„^^|,pd 
The simplest type of modifier consists of a single monomeric or ol.gomenc grouping attached 

50 "Jo^nlffiof cSnl^ciivity modifiers for use .n accordance with the i"-^^^^^^^^^^^^ ^° 
by conventional procedures depending upon the dieir^cal nature of J P°Pj J.V.^^^^^^ 

. a^u^^r^^rtSetrrn-^^ ^ 

approSria e femperature Where the lipophilic moiety is a complex monocarboxylic ?«<«. the 
MrbS arouP can be caused similarly to react with the hydroxyl or ammo groups .n a polyol or 

''"^IJe modifiers may be of a non-ionic character, as in the illustrations discussed above, but 
th^mTy ahernaS^^ of an anionic character as. for example, the substances obtained by 
l^c^l hVe hsS groups present in a non-ionic modifier wHh a strong acid such as 
Shoriradd an^ if'des'ed'subsequently neutralising the product Y't^ a;^;;X'hvdrSphilic 
65 organic base. Yet again, they may be cationic in nature, as, for example, whore the hydrophilic 
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moiety incx)rporates the residue of a polyamine or a heterocyclic compound. 

The compositions of the invention may comprise a single modifier, although a mixture of two 
or more modifiers may be employed, if desired. The modifier(s) may be incoporated into the 
emulsification medium in conventional manner. 
5 The amount of modifier required In the compositions of the invention is generally small. The 5 
required amount of modifier is readily assessed by simple experimental trial, and is generally 
observed to be within a range of from 0.1 to 5.0, preferably from 0.2 to 4.0, and particularly 
preferably from 0.5 to 2,5, % by weight of the total explosive composition. 
Emulsifiers hitherto employed in the production of emulsion explosive compositions have 

10 conventionally been of the water (or meIt)-in-oil type, as hereinbefore described, and generally 10 
exhibit a hydrophilic-lipophillc balance (HLB) of less than about 10. Such emulsifiers are herein 
described as conventional emulsifiers and if desired one or more thereof may (but need not) be 
included together wrth one or more modifiers in formulating the emulsion explosive compo- 
sitions of the present invention. However, successful formulation and storage stability is readily 

1 5 achieved in the absence of a conventional emulsifier. 1 5 

Many suitable conventional emulsifiers have been described in detail in the literature and 
include, for example, sorbitan esters, such as sorbitan sesquioleate, sorbitan monooleate, 
sorbitan monopalmitate, sorbitan monostaarate and sorbitan tristearate, the mono- and diglycer- 
ides of fat-forming fatty acids, soyabean lecithin and derivatives of lanolin, such as isopropyl 

20 esters of lanolin fatty acids, mixtures of higher molecular weight fatty alcohols and wax esters, 20 
ethoxylated fatty ethers, such as polyoxyethylene(4) lauryl ether, poIyoxyethylene(2) oleyl ether, 
polyoxyethy[ene(2) stearyl ether, polyoxyalkylene oleyl iaurate, and substituted oxazolines, such 
as 2-oIeyl4,4'-bis(hydroxymethyi)-2-oxazoline. Suitable mixtures of such conventional emulsifiers 
may also be selected for use, together with one or more modifiers, in the compositions of the 

25 present invention. 25 
The required amount of conventional emulsifier is readily determined by simple experimenta- 
tion, but generally the combined amount of modifier(s) and conventional emulsifier(s) will not 
exceed about 5% by weight of the total explosive composition. Higher proportions of emulsifier 
and/or modifier may be tolerated, excess amounts serving as a supplemental fuel for the 

30 composition, but, in general, economic considerations dictate that the amount be kept to a 30 
minimum commensurate with acceptable performance. 

The oxygen-supplying component of the discontinuous phase suitably comprises any oxidiser 
salt capable of releasing oxygen in an explosive environment in an amount and at a rate 
sufficient to confer acceptable explosive characteristics on the emulsion composition. Inorganic 

35 oxidiser salts conventionalfy employed in the production of emulsion explosive compositions, 35 
and suitable for inclusion in the compositions of the present invention, are disclosed, for 
example, in US patent 3 447 978 and include ammonium salts and salts of the alkali — and 
alkaline-earth metals — such as the nitrate, chlorate and perchlorate salts, and mixtures thereof. 
Other suitable salts include hydrazine nitrate and urea perchlorate. The oxygen-supplying 

40 component may also comprise an acid, such as nitric acid. 40 
Ammonium nitrate is preferably employed as a primary oxidiser salt comprising at least 50% 
by weight of the oxygen-supplying salt component, supplemented, if desired, by a minor (not 
exceeding 50% by weight) amount of a secondary oxidiser component, such as calcium nrtrate 
or sodium nitrate. A secondary oxidiser component may be incorporated Into an aqueous 

45 discontinuous phase but its presence is particularly desirable if the oxygen-supplying component 45 
is to be incorporated into the emulsion in the form of a melt, i.e. in the substantial or complete 
absence of water from the discontinuous phase. Suitable secondary oxidiser components which 
form an eutectic melt when heated together with ammonium nitrate include inorganic oxidiser 
salts of the kind hereinbefore described, such as the nitrates of lead, silver, sodium and calcium, 

50 and organic compounds, such as mono- and poly-hydroxylic compounds including methanol, 50 
ethylene glycol, glycerol, mannitol, sorbitol and pentaerythritol, carbohydrates, such as glucose, 
sucrose, fructose and maltose, aliphatic carboxylic acids and their derivatives, such as formic 
acid and formamide, and organo-nitrogen compounds, such as urea, methylamine nitrate and 
hexamethylene tetramine, and mixtures thereof. 

55 If desired, the emulsion composition may additionally comprise a solid oxidiser component, 55 
such as solid ammonium nitrate or ammonium perchlorate — conveniently in the form of prills or 
powder, respectively. 

Typically, the discontinuous phase may comprise from about 20 to about 97%, more usually 
from 30 to 95%, and preferably from 70 to 95% by weight of the total emulsion explosive 
60 composition. The discontinuous phase may be entirely devoid of water, in the case of a melt 60 
emulsion, or may comprise relatively minor amounts of water, for example — from 2 to 30%, 
more usually from 4 to 25% and preferably from 8 to 1 8% by weight of the total composition. 

The organic medium capable of forming the continuous phase of an emulsion explosive 
composition in accordance whh the invention serves as a fuel for the explosive composition and 
65 should be substantially insoluble in the component(s) of the discontinuous phase with which it 65 
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should ba capable of forming an emulsion in the presence of an effective a^iou^Vo* 
anSroriate ernulsifying agent. Ease of emulsification depends, inter alia, on he viscosity of the 

Z aVough the resultant emulsion may have « ^"'^f^'^^^^^ 
phase the organic medium should be capable of existing initially in a sufficiently fluid state, it 
5 nSaor in response to appropriate temperature adjustment, to permrt emulsification to 

"'sStable organic media which are capable of existing in the liquid state at convenient _ 
emulsion forrSulation temperatures include saturated and unsaturated ahphatic and aromatic 
SXS^bonT^ and mixtures thereof. Preferred media include refined (white) mineral oil, d.esel 
10 oil paraffin oil, petroleum distillates, benzene, toluene, dinitrotoluene, styrene, xylenes, and 

iTaddiliiTto the organic fuel medium the continuous phase may optionally comprise a wax 
to contro?the rheology of the system, although the presence of a wax is not necessary to 
achTeve the desired ?o'nductivity levels. Suitable waxes include P°t;o^""^' areTe d'y 
1 5 insect waxes. The preferred waxes have melting temperatures of at least 30 C and are readMy 
compalJible with the formed emulsion. A preferred wax has a melting temperature in a range of 

.„?hr.hvdrate rraterLls such as glucose, sucrose, fructose, maltose and molasses, lowe glycols, 
25 Srtam''de urTm^^^^^^^^ nilrate, hexamethylene tetramine, hexamethylene tetramine 

"'^uVVa-nla" Ztuo^tn^^s which may be incorporated into the continuous phase 
include faw acids higher alcohols, vegetable oils, aliphatic and aromatic nrtro organu; 
^impound*S! such a' dinitrotoluene. nitrate esters, and solid particulate materials such as coal. 
30 araohite, carbon, sulphur, aluminium and magnesium. ^^^^^ ^-w h« em- 

° tonbiratlons of the hsf.inbefo™ describsd supplsmenuiy fuel eomponeals may be em 

■"rh^i" ^m^feupplemerfn- fuel componeotW employed mey be v,n«i in ««»;<'»™f "j* 
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less than 50%, preferably between 40 and 3%, and particularly preferably between 30 end 
10% by volume. Preferably at least 50% of the occluded gas will be in the form of bubbles or 
microspheres of 20 to 90 /xm, preferably 40 to 70 fim internal diameter. 
An emulsion explosive composition according to the present invention may be prepared by 

5 conventional emulsification techniques. Thus, the oxygen-supplying salt(3) may be dissolved in 
the aqueous phase at a temperature above the crystallisation point of the salt solution, 
preferably at a temperature in the range of from 25 to 1 10*C, and a mixture, preferably a 
solution, of modifier(s) and optional emulsifier(s), and organic phase is separately prepared, 
preferably at the same temperature as the salt solution. The acqueous phase is then added to 

10 the organic phase with rapid mixing to produce the emulsion explosive composition, mixing 
being continued until the formation is uniform. Optional solid and or gaseous components may 
then be introduced with further agitation until a homogeneous emulsion Is obtained. 

An emulsion explosive composition according to the invention may be used as such, or may 
be packaged into charges of appropriate dimensions. 

1 5 The invention is illustrated by reference to the following Examples in which all parts and 
percentages are expressed on a weight basis unless otherwise stated. 



EXAMPLE 1 

This is a comparative Example, not according to the invention, 
20 A mixture of ammonium nitrate (76.7 parts), and water (1 5.5 parts) was heated with stirring 20 
to a temperature of 85"C to give en aqueous solution. The hot aqueous solution was added, 
with rapid stirring, to a solution of a conventional emulsifier, sorbitan sesquioleate (1.5 parts), in 
refined mineral oil (3.8 parts). Stinring was continued until a uniform emulsion was obtained. 
A sample of the emulsion had an electrical conductivity, measured as hereinbefore described 
25 at 60'C, of 150,000 picomhos/metre. ^ 

Glass microballoons (2.5 parts; grade CI 5/250 supplied by 3M) were added to the 
remainder of the emulsion and thoroughly mixed therein. 

The composition was allowed to cool and was then packaged into conventional cyUndncal 
paper cartridges of varying diameters. The composition, as prepared, was found to have a 
30 critical diameter of 8 mm. Cartridges of 25 mm diameter were stored at a temperature of 10 C 
and were periodically tested for cap sensitivity using a standard No. 8 detonator. 
After storage for 9 weeks the cartridges failed to detonate. 



35 The procedure of Example 1 was repeated, save that the surfactant used was a mixture of 1 ,0 35 
part of sorbitan sesquioleate and 0.5 part of a modifier comprising a 1 : 1 (molar) condensate of 
polyisobutenyl succinic anhydride (number average molecular weight 1200 with a molecular 
weight distribution up to 3000) and ethanolamine prepared by heating the two ingredients with 
stirring at a temperature of 70*C. . u / * An 

40 The electrical conductivity of the emulsion at 60*C was 48,000 picomhos/metre, 

Cartridges prepared, stored and tested, as described in Example 1 , had a storage life in excess 
of 80 weeks at a temperature of 10*C. 

EXAMPLE 3 . . ^ u AC 

45 The procedure of Example 2 was repeated, save that ethanolamine was replaced by 
diethanolamine to yield a modifier comprising a 1 : 1 (molar) condensate of polyisobutenyl 
succinic anhydride and diethanolamine. 
The electrical conductivity of the emulsion at 60*C was 50,000 picomhos/metre. 
Cartridges prepared, stored and tested as described in Example 1 had a storage life in excess 
50 of 55 weeks at 10'C. 



The procedure of Example 1 was repeated, save that the conventional surfactant was omitted, 
and 1.5 parts of the polyisobutenyl succinic anhydride/ethanolamine condensate described in 
55 Example 2 was used as modifier. 

The electrical conductivity of the emulsion at 60X was 250 picomhos/metre. 
Cartridges prepared, stored and tested as described in Example 1 had a storage life at 40 c oT 



60 



55 



greater than 80 weeks. . j j o 

Similar cartridges stored at - 30^ for 1 2 weeks were still sensitive to a standard No 8 
detonator after warming to SX. In contrast, cartridges prepared from the ^'""'^'O" 
Example 1 failed to detonate from a No 8 detonator after storage for 1 day at - 30 C tolloweo 



A sample of the emulsion was also packaged into a conventional cylindrical wrtndge of 38 
mm diameter. After storage for more than 1 2 weeks at a temperature of 40 C the cartndge 
65 could be detonated by a detonating cord, having a charge weight of 10 grammes per metre 
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lenath of pentaerythritol tetranitrate (PETN), taped to the exterior '^"^ 
cartridge prepared using the composition of Example 8, stored and tested by the aforemen 

subjected to the drop test, experienced a temperature rise of 1 2 C. 



Smid^?™p."d. storid t«.d n d,«rlbi.d In Example 1 h.d . stores. Me et 40 C of 
greater than 50 weeks. 

20 

of greater than 40 weeks. 

^ ThTelectrical conductivity of the emulsion at 60'C was 1 70 picomhos/metre. 

greater than 55 weeks. 

ATemS^^^^^ by the method of Example 1 from the following components: 



25 



35 



40 



45 



parts 

ammonium nitrate 
refined mineral oil 



paraffin wax (mp 50-62'C) 1 .65 

microcrystalline wax (mp 72*C) 1 .65 50 
50 sorbitan sesquioleate 1-75 

1 I .o 



water 

sodium niuate * 
microballoons (CI 5/250) 2.5 



could still be detonated after nrjore than 12 weete. conventional cylindrical paper 

6. j^-Sstr-rmi' i~?;.s.5'S:s«rii3^^ 
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25 



in response to mechanical events by dropping the cartridge from a height of 30 feet (9.14m) 
onto a concrete base. The resultant temperature rise within the cartridge, which can be 
attributed to crystallisation of the ammonium nitrate component, was 12'C as recorded by a 
thermocouple probe. A similar cartridge prepared using the composHion of Example 4, and 
5 subjected to the drop test, experienced a temperature rise of less than 3*C. 

^^prwjedure of Example 1 was repeated save that the surfactant used was a rnixture of 
sorbJtan sesquioleate (0.75 part) and a 1 : 1 molar condensate (0.75 part) of po!y-12- 
10 hydroxystearic acid (molecular weight: 600) with sorbitol. 

The electrical conductivity of the emulsion at 60'C was 50,000 picomhos/metre. 
Cartridges prepared, stored and tested as described in Example 1 had a storage life at 10 C of 
greater than 20 weeks. 

15 EXAMPLE 10 ^ ^ ,. . „♦„. 

An emulsion was prepared as described in Example 1 from the following components. 

ammonium nitrate (85.5 parts), sodium nitrate (15.0 parts), water (1 1 •O,?^^^]; P^^"^" 
parts), sorbitan monooleate (0.75 part) and a 1 :1 molar condensate (0.75 part) of poly-lZ- 
hyroxystearic acid (molecular weight: 1600) with tris(hydroxymethyl)ammo-methane. 
20 The electrical conductivity of the emulsion at 80*C was 50,000 picomhos/metre. 

Glass microballoons (2.5 parts: type CI 5/250) were then added to the emulsion. 

Cartridges prepared, stored and tested as described in Example 1 had a storage life at 10 u or 
greater than 25 weeks. 

^'e procedure of Example 4 was repeated save that the modifier was 1 .5 parts of a 1 : 1 
(molar ratio) condensate of polyisobutenyl succinic anhydride (average molecular weight I^UUJ 

and ethylene glycol. . . , . 

The electrical conductivity of the emulsion at 60X was 320 piconrihos/metre. 

30 Cartridges prepared, stored and tested as described in Example 1 had a storage life at 40 C ot JU 

greater than 30 weeks. 

procedure of Example 4 was.repeated save that the modifier was 1 .5 parts of a 1 : 1 
35 (moharVatio) condensate of polyisobutenyl succinic anhydride (number average molecular weight 35 
1200) and dimethylaminopropylamine. . 
The electrical conductivity of the emulsion at BO'C was 650 piwmhos/metre. 
Cartridges prepared stored and tested as described in Example 1 had a storage life at 40 C ot 
greater than 30 weeks. 4q 

40 

EXAMPLE 13 ^ , _ ^.^ - 1 • 1 

The procedure of Example 4 was repeated save that the modifier was 1.5 parts of all 

(molar ratio) condensate of polyisobutenyl succinic anhydride (number average molecular weight 

1200) and diethylamino propylamine. u„„/„ot„ 45 

45 The electrical conductivity of the emulsion at BO'C was 390 P"coinhos/ metre^ 

Cartridges prepared, stored and tested as described in Example 1 had a storage life at 40 or 

greater than 25 weeks. 

50 ^h^Jr^Idure of Example 4 was repeated save that the modifier was 1 .5 P""?* « { ^° 
condensate of polyisobutenyl succinic anhydride (number average molecular weight 1200) and 

N.N-dimethylamino ethanol. . 

The electrical conductivity of the emulsion at 60 C was 550 P>'^'r^°l^^^l'l-^ .^-r of 
Cartridges prepared stored and tested as described in Example 1 had a storage life at 40 c ot 
55 greater than 25 weeks. 

^?pr^dure of Example 4 was repeated save that the modifier was 1 .5 Pai^.f ^ *J = \„ 
poIyisoCyl succinic anhydride (number average molecular weight 1 200). sorbitol conden- 

^° '^JhB electrical conductivity of the emulsion at BOX was 650 P^^r'^^l^"'^'^^^ ^qx of 
Cartridges prepared stored and tested as described in Example 1 had a storage lite at w u or 

greater than 25 weeks. 
65 EXAMPLE 16 
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Thn nrocedura of Example 4 was repeated save that the modifier was 1 .5 parts of a 1 : 1 
(molTr^S <JindenSte^^^^ polyisobutenyl succinic anhydride (number average molecular we.ght 

^ ^^e elSrtrlXnductivity of the emulsion at BO'C was 230 picomhos/metre. 
SrtrlS^eraJed stored and tested as described in Example 1 had a storage l.fe at 40 C at 



greater than 37 weeks 
EXAMPLE 1 7 



10 



15 



lie orocedure of Example 4 was repeated save that the modifier was 1 .5 parts of a 1 : 1 
(mdarS wndonSte of polyisobutenyl succinic anhydride (number average molecular weight 10 

^ TKlt^rSo:^ of the emulsion at BO'C was 4400 picomhos/metre. 

2rtrWg«^epayed. stoV^d and tested as described in Example 1 had a storage life at 40 C of 
greater than 20 weeks. 1 5 

^e orocidure of Example 4 was repeated save that the modifier was 1 .5 parts of a 1 : 1:1 
(mllLrS condensate of polyisobutenyl succinic anhydride (number average molecular we.ght 
1200), ethanolamine and monochloroacetic acid. „!.„™h««/m8trB 20 

on Th« electrical conductivity of the emulsion at 60'C was 420 picomhos/metre. 

SrtrilSs^epa^d stored and tested as described in Example 1 had a storage Irfe at 40 C of 
greater than 30 weeks. 

25 ^bast^emulsion was prepared by the procedure of Example 1 from the following oompo- 25 
nents: 

parts 

ammonium nhrate 30 
30 water . 

Slackwax431 (ex International Waxes) 3.0 

refined mineral oil 0 ° 

Surfactant* '-^ 



35 



40 



The surfactant- was a 1 : 1 molar condensate of polyisobutenyl succinic anhydride (number 

60-C was 1 80 Piccn.hos/me.^^ 
To 87 5 P^ of the base emulsion were added 2.5 parts of glass micro balloons (CI 5/250, 
ciinniiAH bv 3M^ and 10 parte of porous ammonium nitrate prill. 
De Se fheKon of^olid ammonium nitrate which normally i"^"?.^%X-dLes of the 

detonator after storage for at least 55 weeks at a temperature of 40 C. 



45 EXAMPLE 20 



35 



40 



45 



Sl%^roceTrro7£:m»r ^^^^^^^^ -ed was sorbitan 

"Se eSSical conductivity of the base pulsion ^GO'C was 170^^^^^^ 
50 Cartridges prepared, stored and tested as described in Example 1 9 faiieo to aerona 
storage for 1 week at a temperature of 40*C. 

T'e'xp^iie composition was P-P--'?^^^^,^,?^ 55 
55 Example 4 and 40 parts of ammonium nitrato/fuel oil (ANhU) {^^ parxs on 

''"w^'htfSdtto ? 1 5 cm diameter wet borehole the cornp<«ition detonated from a 400 gm 

-n'^os^b^^^^^^^^^^ 60 
60 scribed in E^mple 1 . failed to detonate after one day from loading. 
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of 1-butene) and ethanolamine. 

The electrical conductivity of the emulsion at 60'C was 320 picomhos/nnetre. 

Cartridges prepared stored and tested as described in Example 1 had a storage life at 40"C of 
greater than 25 weeks, 

5 5 
EXAMPLE 23 

The procedure of Example 4 was repeated save that the modifier was 1 .5 parts of a 1 : 1 
(molar ratio) condensate of polyisobutenyl succinic anhydride (number average molecular weight 
1 200) and benzimidazole. 

1 0 The electrical conductivity of the emulsion at 60*C was 720 picomhos/metre. 10 
Cartridges prepared stored and tested as described in Example 1 had a storage life at 40'C of 
greater than 26 weeks. 

EXAMPLE 24 

1 5 This Example demonstrates in situ formation of a modifier. 1 5 

1 .42 parts of polyisobutenylsuccinic anhydride (number average molecular weight 1 200) was 
added slowly with stirring to 0.08 parts of ethanolamine. Five minutes after the addition was 
complete, 3.8 parts of refined mineral oil was added and the mixture heated at 70-80*0 for 4 
hours. An emulsion explosive was formed directly from this mixture by adding a solution of 
20 78.7 parts of ammonium nitrate dissolved in 1 8 parts of water, and heating to 80*0. 20 
The emulsion so formed had an electrical conductivity at 60*0 at 300 picomhos/metre. 
Glass microballoons (2.5 parts grade 01 5/250 supplied by 3M) were added, and the 
emulsion stored and tested as described in Example 1 . The storage life of cartridges at 40'C 
was greater than 55 weeks. 



25 



25 



EXAMPLE 25 

The procedure of Example 4 was repeated save that the modifier was a mixture of (a) 1 part 
of a 1:1 (molar ratio) condensate of polyisobutenyl succinic anhydride (number average 
molecular weight 1200) and ethanolamine, and (b) 0.5 part of a 1 : 1 (molar ratio) condensate of 
30 a carboxy terminated polyethylene (number average molecular weight 2000) (prepared by air 30 
oxidation of polyethylene at 120-150*0 in the presence of a catalyst) and tris (hydroxy methyl) 
aminomethane. 

The electrical conductivity of the emulsion at 60*0 was 95 picomhos/metre. 
Cartridges prepared, stored and tested as described in Example 1 had a storage life at 40*0 of 
35 greater than 20 weeks. 

EXAMPLE 26 

The procedure of the Example 25 was repeated save that the oxidised polyethylene was 
reacted with an excess of tris (hydroxymethyl) aminomethane to yield an approximately 1:2 
40 (molar ratio) oxidised polyethylene tris (hydroxymethyl) aminomethane adduct. 0.5 part of this 40 
adduct was used in combination with 1 part of the 1 : 1 (molar ratio) polyisobutenyl succinic 
anhydride/ethanolamine condensate. 
The emulsion had an electrical conductivity at 60*0 of 980 picomhos/metre. 
Cartridges prepared, stored and tested as described in Example 1 had a storage life at 40*0 of 
45 greater than 20 weeks. 



45 



EXAMPLE 27 ' ^^^^ 

The procedure of Eample 4 was repeated save that the modifier was a mixture of (a) 1 part of 
a 1 : 1 molar condensate of polyisobutenyl succinic anhydride (number average molecular weight 
50 1200) and diethanol amine, and (b) 0.5 part of an 1 : 1 molar condensate of a hydrogenated 50 
polyisoprene (number average molecular weight 1 000) having a tenminal carboxyl group and 
sorbitol. 

The electrical conductivity of the emulsion at 60'C was 490 picomhos/metre. 
Cartridges prepared, stored and tested as described in Example 1 had a storage life at 40'C of 
55 greater than 25 weeks. 

EXAMPLE 28 ^^^^ ^ 

The procedure of Example 4 was repeated save that the modifier was a mixture of (a) 1 part 
of a 1:1 molar condensate of polyisobutenyl succinic anhydride (number average molecular 
60 weight 1200) and sorbitol, and (b) 0.5 part of a condensate of an oxidised polypropylene 
(number average molecular weight 1 500) (having a terminal cariaoxylic acid group) and tris 
(hydroxymethyl) aminomethane. 
The electrical conductivity of the emulsion at 60'C was 790 picomhos/metre. 
Cartridges prepared stored and tested as described in Example 1 had a storage life at 40 0 of 
65 greater than 20 weeks. 
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CLAIMS • • 

1 An emulsion explosive composition comprising a discontinuous phase contaming an 
oxyaen-supplying component and an organic medium forming a continuous phase characterised 

5 in that the oxygen-supplying component and organic medium are capable of forming an » 
emulsion whS In the absence of a supplementary adjuvant, exhibits an electncal conducfvrty, 
measured at a temperature of BO'C, not exceeding 60.000 picomhos/metre 

2 A composHion according to claim 1 characterised in that the composrtion comprises an 

electrical conductivity modifier. . . . l ^ j-r ^ » 1 0 

10 3 A composition according to claim 2 characterised in that the modifier comprises a 1 u 

'■'T' A^Tmp?si5o'n l^'^^ characterised in that the lipophilic moiety comprises a 
chain ^ruS fncorporating a baclcbone sequence of at least 1 0 and not more than 500 linked 

1 5 5"' a composition according to claim 4 characterised in that the chain structure comprises a 1 5 

A^JrsiirJct^^^^^^^^^^ — Ised m that the lipophilic moie^ comprises 
20 PoMlsobuJ^Jen^^^^^^ 3 ,^ '^^ri^SSS^ 

polymer obtained by interesterification of at least one saturated or unsaturated long chain (up to 
' V"pos?tioT:^o^r'S^^^^^^ in that the lipophilic moiety comprises 

25 poly(1 2;Jydro^f-'^ 3 to 9 characterised in that the 

hydfophLTS comprises a polar organic residue having a molecular weight not exceeding 

. A composition according to any one of claims 3 to 1 0 characterised in that the 
30 hvdroohilic moiety is monomeric or oligomeric. . 
30 •^yJ^^P^'^^^^ Yition according to claim 1 1 characterised in that the monomenc hydrophilic 
moiety is derived from a polyol, an internal anhydride thereof, an amine, an amide, an 

*'^T''??om°;>sit?o^aS1nfl to claim 1 1 characterised in that the oi;pomeric hy<lrophiUc 
35 moiety ^mpS'S po.y(oxyeth?.ene) group -nl^ining not more than J 0 ethyte^^^^^^ 35 
1 4. A composition according to any one of claims 2 to 7 and 1 0 to 1 ^ fhararteriMO in uiax 
the modifier comprises a condensate of polyisobutenyl succinic anhydride and ethan^^ 

1 5 A composition according to any one of the preceding c'^'-^s characterised in the rt 
comprises an emulsion which, in the absence of a supplementary adjuvant exh^^^^^^ 
40 conductivity measured at a temperature of 60X, not exceeding 2.000 P"^,'"''°'/"?7^^- 
40 emulsion explosive composition comprising emulsrfymg an 

oxJflen-suSpS wmponont and an organic medium to form an emulsion in which the oxygen- 
3y"ng cKonent forms at least part of the discontinuous phase and tfje organic medoirn 
frTrms at least oart of the continuous phase characterised in that the emulsificat on 13 «tfo«ea in 
45 rpretnce ofa modS^ is capable of reducing the "l,'"^^^^^^ 

a temperature of 60'C, of an emulsion formed from the oxygen-supplying ^^P^P^fJ""^^ 
orga^fc r^eJium, in th; absence of a supplementary adjuvant, to a value not exceeding 60.000 

picomhos/metre characterised in that the charge comprises an •nnP'^f'^f*^ 50 

50 composiSSn aJcorng to 'any one of claims 1 tol 5 or prepared by a process according to claim 50 
16. ^ 
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